Purpose Overstuffing the patellofemoral joint has been associated with poor post-operative outcomes. No study has assessed the effect of over-distracting the tibio-femoral joint in the vertical plane and its effects on function and quality of life. The purpose of this study is to assess the effect of tibio-femoral joint distraction on function and quality of life after total knee arthroplasty. Methods Measurements of knee joint distraction were devised using long-leg alignment radiographs. Seventythree patients were prospectively recruited and their joint distraction measured post-operatively. A comparison was made between the level of joint distraction and functional outcomes as measured by the International Knee Society score and its components, such as pain and flexion, and the Knee injury and Osteoarthritis Outcome Score and quality of life as measured by the Short-Form 12 score. Twelvemonth follow-up was achieved. Results Knee joint over-distraction post-arthroplasty correlated significantly with Knee Society score (p = 0.041), flexion (p = 0.005) and pain (p = 0.002). Those knees that were over-distracted post-operatively suffered more pain, less flexion and a lower International Knee Society score compared with their counterparts. No correlation was found between over-distracting the knee joint and quality of life.
Introduction
A successful knee replacement is defined by its ability to achieve a pain-free, functional knee post-operatively. This can be measured subjectively by surveys comparing preand post-operative pain, function and patient satisfaction, and objectively by measuring attributes such as range of motion, stability and alignment. Research continues into factors which may be able to either improve these measures of success or at least predict which patients are likely to do well post-operatively.
Over-distracting or 'Overstuffing' a joint can occur when there is a mismatch between resected bone and prosthesis thickness [11] . In the literature, joint stuffing refers to the patellofemoral joint and is a measure of increased anteroposterior (AP) dimensions of the femur and/or patella compared with pre-operative levels [6, 24] . No consensus currently exists defining an overstuffed joint. It has been linked to a decreased range of motion, increased patellofemoral stress and altered knee biomechanics. It can result in decreased function, increased pain and the risk of component wear through increased compression and shear forces [4, 14, 16, 18, 19, 22, 25, 26] . An increased AP dimension can occur when a surgeon attempts to prevent notching by upsizing to a larger femoral component [18] , thicker components are used, anterior implantation of the femoral component when posterior referencing is used [26] or when the shape of the component, for example, the trochlea, does not match the patient's original anatomy or resected bone.
Recent papers have suggested that tibial resection/ prosthesis mismatch could result in over-distraction, and hence, decrease range of motion [27] and distal femoral under-resection could reduce flexion [23] . No study to date has assessed joint distraction in the vertical plane. This study aims to assess the role of over-distracting the joint in the vertical plane in patients undergoing primary knee arthroplasty and its effects on functional outcomes such as flexion, pain and overall function and quality of life. The hypothesis is that over-distracting the joint in the vertical plane will have a greater effect on function than the AP plane, as the quadriceps mechanism is stretched to a greater extent. The primary outcome measured in this study is function (as measured by the International Knee Society score), with secondary outcomes encompassing components of the functional score and quality of life (as measured by the Short-Form 12).
Materials and methods
A prospective trial was conducted assessing the change in vertical height of the knee joint in primary knee arthroplasty. The study was approved by the hospital's Human Research and Ethics Committee (HREC-A 021/09, approved 02/04/2009).
All patients scheduled for an elective primary knee joint replacement by two participating surgeons between October 2009 and September 2010 were eligible for enrolment. Patients attended a routine pre-admission clinic where they were invited to participate. No patient was excluded.
Radiological outcomes
Vertical joint height was calculated using AP long-leg radiographs (LLRs). All measurements were calculated using Centricity Imaging tool (GE Healthcare, Buckinghamshire, UK).
Level of joint over-distraction was calculated by initially measuring the change in joint height from the femoral and tibial side independently, then combining these two values. All measures were calculated using weightbearing LLRs, which were standardised using a custommade Perspex stand, ensuring that the malleoli were 10 cm apart with the tibial tubercle facing forwards. This stand is helpful in reducing inaccuracy caused by flexion deformity and rotation [3] .
From the femoral side, a straight line was drawn from the centre of the femoral head to the mid-point of the tibial spine (Fig. 1, line A) . A line was drawn perpendicular to this line, from the tip of the adductor tubercle (Fig. 2, line B) . The femoral measure was taken from where these lines intersected to a line joining the femoral condyles (Fig. 2, line C) .
From the tibial side, a straight line was drawn passing between the mid-point of the tibial spine pre-operatively and mid-point of the tibial plate post-operatively and the mid-point between the inner edges of the malleoli (Fig. 1,  line D) . A line perpendicular to this line was drawn from the proximal tip of the fibula (Fig. 2, line E) . The tibial measure was taken from where these lines intersected to a line joining the femoral condyles (Fig. 2, line C) .
These values were then combined to give an overall measure of joint vertical length. The change between preand post-operative values reflected a measure of joint line distraction.
Magnification was accounted for in a number of ways (see equation below). The height of the keel of the tibial tray determined the differences in magnification between patients ( Fig. 2 , line F). The width of the Perspex stand's base-plate determining magnification between pre-and post-operative films (Fig. 1 , line G) and rotational profile was checked using the width of the tibia at the level of the fibular head (Fig. 2 , line E). All radiographs were measured three times by a single researcher. The correlation coefficient between groups ranged from 0.535 to 0.790 with a mean of 0.70. Twenty-five radiographs were subsequently measured by a senior colleague. Correlation coefficient between observers averaged 0.503. The mean difference of measured over-distraction between observers was of 0.7 mm (SD 2.4 mm).
Vertical Height ðTibial or FemoralÞ
M pre , M post = Pre-and post-operative joint line measures, K r , K x = keel length; real and measured, W pre , W post = width of Perspex stand base, pre and post. The researcher, who performed all radiological analyses, was blinded via de-identification and randomisation of radiographs and was not aware of the clinical findings of the patients or functional scores until all radiographic measurements were completed.
To compare measured data to the literature, patellofemoral overstuffing was also measured using lateral radiographs. This measure was a combined measure of the patella thickness at its greatest point added to AP thickness of the distal femur at its greatest point. The change from pre-operative values determined patellofemoral overstuffing.
Functional outcomes
Functional outcomes were measured using the International Knee Society score (IKSS) and the Short-Form of the Knee injury (SF-12) and Osteoarthritis Outcome Score (KOOS-PS) surveys.
The IKSS [15] totals 200 points and can be divided into two components, being the knee score (maximum 100 points) and function score (maximum 100 points). The knee component encompasses alignment, flexion and stability of the knee. The functional score results from the ability of the patient to perform tasks such as walking, the ability to climb stairs and the need for gait aids. A pain score can also be derived from the IKSS, ranging from 0 points for severe pain to 50 points for no pain. A higher IKSS is indicative of better function. This is a validated scoring system for knee arthroplasty [8] .
The KOOS-PS is also a measure of function. It encompasses 7 questions, analysing the patient's ability to complete everyday tasks such as getting out of bed, putting socks on and kneeling. It is specifically developed to be parsimonious and cross-culturally valid [20] .
Quality of life outcomes were also measured using the SF-12 survey. The SF-12 score is a measure of quality of life and encompasses two components, the physical and mental components. The physical component assesses the patient's ability to complete everyday tasks essential to good quality of life, while the mental component assesses the patient's mental well-being. Higher scores indicate better quality of life [2] .
Prosthesis and procedure
All included patients received a modular, cruciate retaining total condylar prosthesis (PFC DePuy, Warsaw, IN, USA) with all components cemented and the patella replaced in all cases. An imageless computerised navigation system (Ci System; DePuy) was used to assist in placement of the components.
The aim in all cases was to achieve a neutral coronal alignment, that is, a 0°mechanical axis, femoral rotation aligned with the Whiteside's line and checked using the epicondylar axis. The tibia was cut with a 3°posterior slope. Soft-tissue balancing was standardised using the same sequence in all patients as previously described by Whiteside [29] . A tourniquet was used in all cases.
Continuous parametric data were analysed using oneway analysis of variance (ANOVA), while nonparametric data were tested using Mann-Whitney nonparametric ranksum test. Linear regression modelling was used to determine correlation coefficients.
Results
Overall 73 patients were recruited, with a mean age of 70.1 (range 51-84). Forty-eight patients (48/73, 66 %) were female. All patients had a minimum of 12-month followup. The antecedent diagnosis was osteoarthritis in all patients. Of the 73 patients, a measure of distraction, as described above, could not accurately be achieved in five patients using the LLR method due to an inability to define all of the anatomical points required. These patients were excluded from the final analysis, leaving 68 patients with complete data.
The measure of distraction ranged from over-distraction by 6.8 mm to under-distraction by 13.2 mm, with a median of 0.2 mm over-distraction and mean of 0.4 mm underdistraction (SD 4.1 mm).
No correlation was found between tibio-femoral and patellofemoral joint distraction. Patellofemoral joint distraction was also not found to significantly correlate with function or quality of life in this cohort.
The effect of overstuffing on function and quality of life
Correlation between distraction and functional and quality of life outcomes was sought using linear regression. Results can be found in Table 1 .
Patients were subsequently split into two groups ( Table 2 ); those that were over-distracted and those that were not, with a cut-off of 4 mm defining a maintained coronal length. These groups were compared.
The effects of over-distraction on flexion:
A significant correlation was found between knee joint over-distraction and flexion at 12 months (p = 0.005, Fig. 3 ) and change in flexion at 12 months from preoperative levels (p = 0.018). The more the knee joint was distracted in the vertical plane, the less flexion the patient was likely to have at 12 months, and the less likely they were to improve in flexion levels from pre-operative levels.
When comparing those patients who were over-distracted with those maintained, with a cut-off of 4 mm, those that were over-distracted had a significantly lower flexion at 12 months (95°mean) compared with those that were not (108°mean, p = 0.038). The change in flexion from pre-operative levels was not significant.
The effects of over-distraction on pain:
A significant correlation was found between over-distracting the knee joint in the coronal plane and pain (Table 3 ; Fig. 4) .
These results were partially reflected when splitting and analysing the cohort between those that were over-distracted and those not (Table 4) .
Discussion
The most important finding of this study was that a change in the vertical dimension of the knee joint, that is, over-distracting the tibio-femoral joint, may have an adverse effect on post-operative pain and subsequent functional scores. This predictor of outcome has not previously been described in the literature, and its measure highlights the importance of maintenance of the joint's dimension. Over-distraction has no significant effect on functional scores as measured by the KOOS-PS or quality of life (SF-12) at 1 year.
Pierson and Ritter [21] in their large retrospective study of 830 knees analysed the role of overstuffing the patellofemoral joint on functional scores, flexion and pain. Using linear regression, they found a correlation between anterior patellar displacement and range of motion and Knee Society function score. The authors concluded that even though significant correlations were found, these were inconsistent and clinically irrelevant due to their small effect sizes. This study's cohort was smaller than Pierson's [21] , but its results were surprisingly more significant and clinically relevant. There are a number of possible explanations for this.
The measure of stuffiness of this study was vertical, not anteroposterior. It has been hypothesised that the effects of overstuffing on flexion and pain could be due to the altered quadriceps mechanism; essentially, it being stretched. Using a simple diagram, the quadriceps mechanism can be considered as two simple right-angled triangles (Fig. 5) . The hypotenuse of the larger triangle (Q1) can be considered the functional length of the quadriceps mechanism, with the adjacent (F) being the femoral length and the opposite (AP) being the AP thickness of the femur and patella, that is, the radius of the axis of rotation. The functional femoral length of the patients was measured and the mean found to be 483.5 mm (SD 33.1 mm); the functional AP width of the patellofemoral complex in a number of patients was also measured and its width found to be 55.2 mm (SD 7.3 mm) on average. Using these values, the functional length of the hypotenuse is calculated as 486.6 mm. A change of 4 mm to the AP width will result in a change of only 0.5 mm to the functional quadriceps mechanism (Q2). Not a large change at all. But a change of 4 mm in the vertical height results in a change to the quadriceps mechanism of 3.9 mm (Q3), eightfold larger than that caused by altering the AP dimensions to the same degree (Q2). This would also hold true in flexion; as in flexion, it is the femoral length change that would be a significant determinant in quadriceps mechanism stretch. This stretch could alter patellofemoral biomechanics and stress. The smaller triangle would result in similar changes in soft-tissue stretch regardless of whether distraction is in the AP or vertical plane, with the concerned lengths being within the same magnitude as each other.
An increase in the vertical height of the knee joint may also result in physiological patella baja. Patella baja has been associated with decreased flexion [9, 10] , pain [10] , Table 1 Linear regression comparing joint height change with functional and quality of life scores impingement [1] , wear and extensor lag, all culminating in an overall poorer functional outcome [1, 9, 10, 17, 28] . This theory was tested by measuring the modified Insall-Salvati ratio [13] for patella baja and Blackburne-Peel [5] index for pseudo-patella baja. Although not reaching significance, a trend was noted between the pseudo-patella baja as measured by the Blackburne-Peel index and over-distraction of the tibio-femoral joint (p = 0.060), with increasing joint distraction leading to increased pseudo-patella baja.
This study does suffer from limitations. The cohort was relatively small and the length of follow-up was short and its result can only be indicative of short-to medium-term outcomes. A notable number of patients could not be analysed due to inaccuracy of their radiographs. The accuracy of the measurements was a priority of this study, and a decision was made that sacrificing numbers to maintain accuracy was essential. Any patient where adequate landmarks could not be identified was excluded. Any attempt at measuring minute details on a two-dimensional radiograph will always result in a level of error. Intra-observer correlation was satisfactory but not excellent. These radiographic findings could suffer from bias resulting from flexion contractures. However, flexion contractures were measured in all patients pre-and post-operatively and found not to significantly correlate with vertical joint distraction.
The findings of this study can help decision-making in the surgical setting. For example, when between component sizes, especially in regards to the tibial insert, using a thinner tibial insert may be beneficial. Unfortunately due to the variability of anatomical landmarks, especially between varus and valgus knees, it is difficult to ascertain intraoperative landmarks to help prevent over-distraction [7, 12] . 
Conclusion
The change in vertical height of the knee joint can affect the outcomes of a knee joint replacement in the short to medium term. This factor may be particularly pertinent to pain and flexion. This is the first time this measure has been studied in the literature. The surgeon should be aware of how much bone is resected and attempt to prevent overreplacing it. Further research is still required in this field, especially with larger cohorts and an increased follow-up time.
